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MBTBOOS OF KUOVXDZKO KSUROFROTSCTXOM 

TTBXJ> OF THE mVEKTIOW 

The present invention relates to pharmaceutical compositions 
which are antagonists at the glycine site on NMDA (N-methyl-D- 
aspartate) receptor con9>lex, and to method^ for. the attenuation of 
acute or chronic neuronal damage in neurological disease 
("neuroprotection") . 

BXCKGROPHD OF THE IHVgWTIOH 

Certain references cited below, which published in 1996, 
after the filing of the priority document, are not believed to 
represent prior art to the invention disclosed in the priority 
document <U.S. Serial No. 08/632,338), but are provided in order to 
sinqpiify the explanation of the invention discussed lierein. 

The major excitatory neurotransmitter in the central nervous 
system is L-glutamate. The amino acids glutamate and aspartate cause 
convulsive activity when applied to the cerebral cortex (Hayashi, T,, 
Jpn- a. Physiol. , 3:46-64, 1952). Classification of the excitatory 
receptors include the AMPA, kainate and NMDA receptors (Watkins, J.C. 
Ann. Rev. Pharmacol. Toxicol. , 21:165-204, 1981). 

Unique features of the NMDA receptor-channel coxi^lex include: 
a sensitivity to blockade by physiological concentrations of Mg*% a 
high permeability to Ca**, and a requirement for coactivation by 
glycine. Thus, glycine and glutamate binding sites are 
allosterically coupled at the NMDA receptor complex. (Kemp, J. A., 
Trends Pharmacol Sci. , 14(l):20-5, 1993). 

Excitatory amino acid receptors are divided into NMDA and 
non-NMDA (kainate and AMPA) subtypes (Monaghan, D.T., Annu. Rev. 
Pharmacol. Toxicol. , 29, 365-402, 1989) . The NMDA receptor con?)lex 
is located pn the neuronal cell surface and is comprised of multiple 
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agonist has been shown to increase the potency of NMDA in inducing 
seizures in mice (Singh, L., Eur, J. Pharmacol 186:129-132, 1990). 

Functional glycine antagonists can have either high intrinsic 
activity (D* cycloserine) or low intrinsic activity (HA'-966) . The 



Eur. J> Neurosci . 6(11) : 1710-1719, 1994). 

Felbamate (2-phenyl-l, S-propanediol dicarbamate) is a Icnown 
pharmaceutical confound having been described in U.S. Pat. Nos. 
2,884,444 (1959). Felbamate is a glycine site antagonist at the NMDA 
receptor. 

U.S. patent 4,978,680 relates to the use of felbamate for the 
prevention and control of epileptic seizures. U.S. patent 5,082,861 
relates to the use of felbamate for the prevention and control of 
epileptic seizures associated with complex partial seizures. U.S. 
patent 5,292,772 relates to the use of felbamate for the prevention 
and control of epileptic seizures associated with Lennox-Gastaut 
syndrome. U.S. patent 4,868,327 discloses a synthesis of felbamate. 

Felbamate is a modulator of NMDA receptor function, and a 
glycine site antagonist (McCabe, R.T., J. Pharmacol. Exp. Ther. , 
264(3) :124B-1252, 1993, Sofia, R.D., Ann. Neurol. , 36 (4) :677-678, 
1994, Wamsley, J.K., Exp. Neurol. , 129 (2) : 244-250, 1994, Taylor, 
L.A., Eur. J. Pharmacol. , 289 (2) : 229-233, 1995, White, H.S., Epilepsy 
Res. , 20(l):41-48, 1995) but also has other reported mechanisms of 
actions (White, H.S., Epilepsia , 33 (3) :564-572/ 1992, De Sarro, 6., 
Eur. J. Pharmacol , 262 (1-2) : 11-19, 1994, Serra, M-, Eur. J. 
Pharmacol , 265 (3) :185-188, 1994, Rho, J.M., Ann. Neurol. , 25:229-234, 
1994, Subramanian, S., J. Pharmacol. Exp. Ther. , 273:878-886, 1995). 
Felbamate does not cause the transient neuropathological changes seen 
in brain neurons after competitive antagonist administration (Olney, 
J.W,, Arch. Gen. Psych. , 52:998-1007, 1995). 



coxiqpound HA-966 also displays weak partial agonist effects at the 



- .=^_.glycine site and bears the risk of procpnv\j^sant -activity (Vlaz, p 
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(Kanthasamy, A.G.^ Brain Res 705:97-104, 1995), or glycine site 
antagonist mechanism of action (Rho, J.M., Ann . Neurol . , 25:229-234, 
1994, Subramanian, S., J. Pharmacol, Exp, Ther ., 273:878-886, 1995). 

In culture, antagonism of the glycine site or channel of the 
NMDA receptor prevents hypoxia-induced degeneration (Priestly, T., 
■Brain Res. , 531:183-8, 1990). In animal mQ#els' of stroke (ischemia), 
felbamate was found to decrease neuronal death and delayed- ischemic 
necrosis when administered post-hoc (Wasterlain, C.G., Neurology , 
43:2303-2310, 1993) and delayed apoptosis of the CAl hippocampal 
granule cells (Wasterlain, C.G., Stroke , 27:1236-1240, 1996). 
Felbamate has been proposed as a therapeutic treatment for the 
prophylaxis of stroke in humans (Fisher, M., Stroke , 25(5) : 1075-1080, 
1994). 

Excessive NMDA receptor activation by excitatory amino acids 
or neurotoxic mediators of inflammation has been in^licated in the 
pathogenesis of acute and chronic neurological diseases (Beal, M.F., 
FASEB J . 6:3338-3344, 1992). In acute neurological disorders, a 
sudden toxic elevation of glutamate may cause neuronal death by over- 
stimulation of the NMDA receptor. In chronic neurological disease, 
defective mitochondrial function or abnormal cellular metabolism may 
result in excitotoxic death by increasing the vulnerability of the 
neuronal cells to endogenous glutamate (Novelli, A., Brain Res ., 
451:205-212, 1988, Simpson, J.R., Exper. Neurol ., 121:57-64,1993, 
Henneberry, R.L., Ann, m. Acad. Sci ., 568:225-233, 1989). 
Bioenergetic defects resulting in cellualr energy depletion would 
produce resting membrane depolarization and a subsequent removal of 
the Mg-f-t- dependent NMDA receptor block. These events would produce 
neuronal susceptability to normally non-toxic effects of endogenous 
glutamate resulting in accumulation of intracellular calcium and 
delayed neuronal death (Cox, J. A., Brain Res. , 499:267-272, 1989, 
Beal, M.F., Ann. Neurol ., 31:119-130, 1992). Abnormal NMDA receptors 
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hepatic failure in 11 patients with 4 deaths (O'Neil, M;G., 
Neurology, 46:1457-1459, 1996). As a result, . the FDA and the 
manufacturer sent a letter to all physicians in August 1994 requiring 
the withdrawal of felbamate from patients except in those cases in 
which the risk of seizure exceeded the risk of aplastic anemia. 
Warnings were added to . the prescribing infj^rma^ion and a blood test 
was required every two weeks. In a study published after the FDA 
warning (Li, L.M., Eur. Neurol., 36:146-148, 1996) one-hundred and 
eleven patients with refractory epilepsy were treated with adjunctive 
felbamate therapy. No cases of aplastic anemia or hepatic failure 
were observed when serum levels of anti-cpnvulsant drugs were 
monitored. In addition, the safety of felbamate in a suicidal 

overdose was reported (Nagel, T.R., Ped . Eme r q . Care . , 11 (6) : 369-371, 

■/ 

1995) . An adolescent patient acutely consumed a total oral dose of 
6900 mg and suffered no neurological, hematological or hepatic 
abnormalities. 

Other reported adverse events include thromocytopenia (Ney, 
G.C., Neurology , 44:960-981, 1994), toxic epidermal necrolysis 
(Travagline, M.T., Pharmacotherapy , 15(2):260-4, 1995) anaphylaxis 
(O'Neil, M.G., Ann. Phamacother . , 29 <4) : 430, 1995) mania (Hill, R.R., 
Psychosomatics , 36(4):404-6, 1995) psychosis (Knable, M.B., J. Clin. 
Psychopharroacol. , 15(4):292-3, 1995) and movement disorder (Kerrick, 
J.M., Neurology , 45(l):185-7 1995). 

OBJgCTS or THE INVENTION 

One of the objects of the present invention is to provide 
compositions and methods for the treatment of acute and chronic 
neurological disorders that involve excessive activation of the NMDA 
receptor. 

Another object of the present invention is to provide a 
method for attenuation of cell death caused by excessive activation 

7 
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drug is given prophylactically and chronically when the patient has 



The invention also relates to a method of determining NMDA 
receptor level in a mammal comprising administering labeled 
felbamate, and determining the amount of labelled felbamate which is 
. J>ound to neurons. d ^ ' 

DZTKthED DE3CRIPTI0H OF THE IKVENTIOK 

The present invention relates to pharmaceutical compositions 
and to methods for the attenuation of acute and chronic neurological 
disorders that involve excessive activation of the NMDA receptor. 
Advantageously, the present invention relates to methods for 
neuroprotection in neurological disease (s) through the administration 
of therapeutic con^ositions, either intravenously or orally, which 
contain for exarapler as ah active ingredient 2-phenyl-l, 3-propanediol 
dicarbamate, commonly known as felbamate. The coxc^oiind felbamate may 
be administered prophylactically acutely, subacutley or chronically, 
depending on the various neurolgical disease states. This compound 
has multiple mechanisms of action, of which one is a glycine site 
antagonist at the NMDA (N*methyl-0-aspartate) receptor. 

NMDA receptor antagonists can be divided into nonconpetitive 
(acting at the receptor channel complex) and competitive (acting at 
the NMDA recognition site) or modulatory sites (glycine, polyamine) . 

Although a conpetitive channel blocker can reduce damaging 
overstimulation of the excitatory portion of the receptor, it is also 
likely to eliminate the receptor's normal physiological functions. 
Thus, cognitive and memory brain functions are compromised and hence, 
most channel blockers cannot be administered safely to humans. In 
contrast, antagonists of receptor modulatory sites inhibit the toxic 
effects of high glutamate concentrations while sparing physiologic 



asymptomatic or pre*clinical neurological disease. 
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to their clinical expression when neuronal cell death has already 
significantly occurred (Albin, R.L,, WEJM 322:1293-1298, 1990). in a 
variety of neurological diseases, synptoins do not occur until levels 
of NMDA receptors are greatly reduced. Diseases where this 
diagnostic technique is particularly useful include Parlcinson* s, 
Huntington's, Alzheimer 's> Tourette's, adrenal leukodystrophy, CNS 
vasculitis, mitochondrial myopathies, HIV dementia, depression, ALS, 
movement disorders and Down^s Syndrome. 

THERAggQTIC USES OF THE 
C0MPO0WP3 or THE IHVENTIOK 

Felbamate and other antagonist at the glycine site of the 

NMDA receptor are useful in the treatment of multiple neurologic 

diseases, in which inflammatory heurotxins and excitatory . amino 

acids, of which at least glutamate is involved in the 

pathophysiology. ACEA compounds are administered at daily doses 

between 1-150 mg/kg, most advantageously between 20-40 mg/kg in each 

of the disorders discussed below. 

Prevention of Heuronal Degeneration and Brain Atrophy in Epilepsy 

Epilepsy, a disease which has been characterized as a 
paroxysmal, self-sustaining and self- limited cerebral dysrhythmia, 
genetic or acquired in origin and physiologic or organic in 
mechanism. Seizures which are evoked in an otherwise healthy brain 
by other factors (alcohol withdrawl, metabolic conditions, cocaine, 
etc.) are termed non-epileptic seizures. Epilepsy is usually 
classified, by clinical and electro-encephalographic observations, 
into four general classes: 

1) Grand mal 

2) Petit mal 

It 
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There is considerable controversy as to whether epilptic 
activity is a cause or consequence of the neuronal damage (i.e., 
gliosis, atrophy, decrease number of dendritic spines) observed in 
brain tissue (Thon^son, S,M., Brain Pathol., 3:413-419, 1993). It has 
been proposed that the excitotoxic effect of elevated levels of 
^-..^lutamate and aspartate prior to seizures ^^re insufficient to cause 
neuronal loss (Meldrum, B.S., Brain Pathol., 3:405-412, 1993). In 
addition, it is not currently thought that neuronal loss accompanies 
brief individual siezures since no quantitative data from animal 
experiments show that a single brief seizure (less than five minutes 
duration) can cause neuronal cell loss (Meldrum, B.S., Brain Pathol., 
3:405-412, 1993) . 

Glycine site antagonists have been shown to act as 
anticonvulsant agents (Croucher, M.J., Neurosci. Lett. , 118:29-32, 
1990, Croucher, M.J., Brain Res. , 543:91-96, 1991) although glycine 
antagonists with low intrinsic efficacy have proconvulsant activity 
(Wlaz, P., Eur, a. Neurosci. , 6(11) :1710-1719, 1994). In convtilsant- 
treated cultures', non -competitive NMDA antagonists were unable to 
reduce cell death' (Thompson, SM., Brain Pathology , 3:413-419, 1993). 

In a study of the etiology of complex partial seizures using 
microdialysis, elevated levels of glutamate occur prior to a complex 
partial seizure in humans (During, M.J., Lancet , 341:1607-1610, 
1993). In addition, resting levels of glutamate were elevated in the 
temporal lobes in one-third of these patients. 

We propose a novel hypothesis that congenital or eviromental 
abnormalities produce alterations in glutamate metabolsim and other 
amino acid metabolism. Both elevated resting glutamate levels and 
pre- and post epileptic elevations of glutamate cause acute but more 
commonly a chronic over-stimulation of the NMDA receptor. Prolonged 
chronic exposure may eventually cause metabolic or quantitative and 
qualitative abnormalities of the NMDA receptor resulting in delayed 

13 



8NS0CCIO: <WO_9737652A1 J_> 



W097i^|p^2 ^ PCr/US97iOS860 

regimens as polytherapy. There is currently no recognized serum 
therapeutic range for felbamate. Due to drag interaction, this 
results in substantially lower serum felbamate levels in patients. 
In addition^ although felbamate monotherapy has resulted in several 
isolated reports of serum levels greater than 100 ]xg/ml, no patient 
Lvhas been on felbamate monotherapy for at. lejst one year, or sustained 
a serum level greater than 100 pg/ml for at least one year. We 
propose that serum felbamate levels of at least 100 \xg/mX for a 
duration greater than one year is necessary for neuroprotection 
against both chronically elevated brain glutamate levels and acute, 
episodically elevated pre- and post-seizure glutamate levels. 

Felbamate, administered chronically in oral doses of 100- 
15,000 mg/day, advantageously 1200-7200 mg/day (serum levels ranging 
from 25-300 .^g/ml)* is efficacious in attenuating neuronal cell death 
from acute elevations of glutamate during seizures. More 
advantageously, serum levels ranging from 100-300 pg/ml, is 
efficacious in preventing delayed cell death, apoptosis, and atrophy 
in epilepsy when administered chronically for at least one year in 
duration. 

Sepsis 

In systemic blood infections, coma and cardiac/respiratory 
dysfunction can lead to death. Coma and neurological dysfunction 
occur after the administration of antibiotics, which are believed to 
increase the release of toxins as they kill bacteria. Elevated 
levels of quinolinic acid cause neuronal death by NMDA receptor over- 
stimulation. Toxins from the bacteria are believed to increase the 
production of cytokines and CSF-quinolinic acid <Heyes, M., Brain , 
116:1425-1450, 1993) causing neurological symptoms and neuronal cell 
death by NMDA receptor over- stimulation. 
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disorder, suggesting that cytokines and quinolinic acid are involved 
in its etiology. A glycine site NMDA antagonist has efficacy as an 
anticonvulsant as well as a neuroprotectant . 

Felbamate, administered chronically in oral doses of 100- 
15, 000 mg/day, advantageously 1200-7200 mg/day (serum levels ranging 
.^.,^om 25 pg - 300 pg/ml), is efficacious in greventing neuronal death 
and seizures in ADL. 

CNS Vasculitis 

CNS vasculitis, an inflammatory condition of the cerebral 
arteries, occurs in multiple autoimmune diseases (i.e., rheumatoid 
arthrxtxs). Neurological sequela include stroke, seizures and 
dementia. Ouinolinic acid, has been found to be elevated and 
correlate with the degree of brain damage by MR! and clinical 
dementia. 

A glycine site NMDA antagonist has efficacy in preventing the 
neurological the sequela of CNS vasculitis (stroke, seizure and 
dementia) . Felbamate, administered chronically in oral doses ranging 
from 100-15,000 mg/day, advantageously 1200-7200 mg/day (serum levels 
ranging from 25 \ig - 300 pg/ml), is efficacious in preventing 
neuronal degeneration in CNS vasculitis. 

Za^tenoe 

Penile erection is induced by the NMDA receptor activation of 
nitric oxide in the paraventricular nucleus of the hypothalamus 
(Melis, M.R., Neuro. Sci. Lett. , 179: 9-12, 1994) . Epilepsy patients 
treated with felbamate, an antagonist at the glycine site of the NMDA 
receptor complex, reported an increase in libido. A common side 
effect of felbamate is increased mental energy, and alertness. 

A glycine site NMDA antagonist decreases primary and 
secondary in^otence. Felbamate, administered chronically in oral 
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\xg - 300 pg/ml), is efficacious in preventing neuronal degeneration 
and brain atrophy in schizophrenia. 

Drug Addiction 

symptoms of opiate withdrawal in drug addiction may be in 
.part mediated by the NMDA receptor coiq>lex^^n the rostral medulla. 
Felbamate has been reported to attenuate the severity of naloxone 
precipitated withdrawl in a dose related manner in rats (Kosten, 

Neuropsychopharm. , 13:323-333, 1995). A glycine site 
antagonist at the NMDA receptor with properties of oral or IV 
administration, good tolerability, and low adverse experience profile 
is a treatment for drug addiction, tolerance, dependency and 
withdrawal. 

Felbamate can be administered most advantageously by the 
intravenous route or chronically in oral doses at the time of 
diagnosis of withdrawl syn^toms and chronically in oral doses for six 
months or more after recovery. Felbamate, administered chronically 
in oral doses ranging from 100*15,000 mg/day, advantageously 1200- 
7200 mg/day (serum levels ranging from 25 |ig - 300 ^g/ml) , is 
efficacious In preventing the autonomic and mental adverse 
experiences of drug addiction. 

Multiple Sclerosis 

A portion of the cortical brain damage that occurs in acute 
attack of multiple sclerosis (MS) and chronic progressive MS is due 
to an inflammatory upregulation of cytokines and quinolinic ac^d 
(Heyes, M., Brain , 116:1425-1450, 1993). Brain atrophy and cognitive 
dysfunction are common in MS- 

A glycine site NMDA antagonist has efficacy in protecting 
cortical neurons ("neuroprotection") in MS. Felbamate, administered 
chronically in oral doses ranging from 100-15,000 mg/day. 
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- 300 pg/ml), is efficagious in preventing neuronal degeneration 
from lead poisoning. 

Mitochondrial Dysfunction 



energy for the cells) and other inherited or acquired biochemical 
disorders (Beal, M.F, Ann. Neurol. 31:119-130^ 1992). Diseases or 
conditions include MELAS syndrome, MERF syndrome, Leber's disease, 
Wemic)ce*s encephalopathy, Rett syndrome, homocystinuria, 
hyperprolinemia, nonketotic hyperglycinemia, hydroxybutyric 
aminoaciduria, sulfite oxidase deficiency, and combined systems 
disease (B12 deficiency) . 

A glycine site NMDA antagonist provides neuronal protection 
in these conditions. Felbamate can be administered most 
advantageously, by the intravenous route or chronically in oral doses 
at the time of diagnosis and chronically in oral doses for six months 
or more after recovery. Felbamate, administered chronically in oral 
doses ranging from 100-15,000 mg/day, advantageously 1200-7200 mg/day 
(seriim levels ranging from 25 pg - 300 pg/ml) , is efficacious 
preventing neuronal degeneration in mitochondrial myopathies. 

8XV D€UDentia 

Patients who become HIV(+) have early pre-clinical brain 
neuronal deterioration as measured by NMR spectroscopy. When HIV( + ) 
patients convert to AIDS, brain involvement produces dementxa and is 
universally fatal. The mechanisms of brain deterioration appear to 
involve production of neurotoxic substances (i.e., quinolinic acid) 
that activate NMDA receptors and cause neuronal death by inducing 
intra cellular Ca'* overload (Giulian, D., Science - 250: 1593-1596, 
1990, Heyes, M.P., Ann. Neurol., 29:202-209, 1991a). 



Mitochondrial dysfunctions are characterized by a 



mitochondrial abnormality (intracellular stj^uctures which produce 
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Depression 



Felbamate, a glycine site antagonist improves cognitive 



function and mood when administered to epileptic patients. 



Vegetative depression is characterized by low mood, excessive 



somnolence and obesity. Vegetative depression responds to a glycine 



producing weight loss by NMDA mechanisms (Ketter, T.A., Epilpsey 
Res., 23(2) :129-137, 1996). In addition, activation of the NMDA 
receptor, which are partly located on the serotinergic nerve 
terminal, elicits a release of cortical serotonin (Fink, K. , Nauroyn 
Schmiedeberqs Arch. Pharmacol. , 352 (4) :394-401, 1995) a major 
neurotransmitter in depression. 

Felbamate, administered chronically in oral doses ranging 
from 100*15,000 mg/day, advantageously 1200-7200 mg/day (serum levels 
ranging from 25 (xg - 300 pg/ml) , is ef ficacious in treating 
vegetative depression. - 

Anyotrophlc Lateral Sclerosis 

Amyotrophic Lateral Sclerosis (ALS) is a progressive disease 
of the motor tracts of the brainstem and spinal cord which produces 
muscle wealcness, wasting and death. Excessive glutamate stimulation 
may be involved in the pathogenesis of this disease (Rothstein, J.D., 
Ann . Neurol . , 28:18-25, 1990). The number of NMDA receptors in the 



spinal cord is reduced in patients with ALS (Shaw, P.J., Brain Res. , 
637:297-302, 1994). Abnormal glycine and glutamate. metabolism 
produce neurotoxicity by NMDA mechanisms (Virgo, L., Brain Res. , 
676:196-204, 1995). 



receptors from being excessively stimulated, prevents wealcness and 
death in ALS. Felbamate, administered chronically in oral doses 
ranging from 100-15,000 mg/day, advantageously 1200-7200 mg/day 




A glycine site antagonist, which prevents these NMDA 
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15,000 mg/day, advantageously 1200-7200 mg/day (serum levels ranging 
from 25 |ig - 300 yg/ml), is efficacious in treating ADD. 

Marcolttpsy 

Narcolepsy is a sleep disorder in vdiich patients have an 
- .^^.,. 3cute onset of REM (dreaming) sleep. A glycine site NMDA antagonist 
has properties of cognitive enhancement and mental stimulation. 

A glycine site NMDA antagonist is a useful treatment for 
narcolepsy. Felbamate, administered chronically in oral doses 
ranging from 100-15, 000 mg/day, advantageously 1200-7200 mg/day 
(serum levels ranging from 25 pg - 300 pg/ml), is efficacious in 
treating narcolepsy. 

Alxheiner's DiMas* 

Alzheimer's Disease (DAT) is a progressive dementing illness 
which is caused by an abnormal form of amyloid deposition in the 
brain. Excessive amyloid deposition induces glutamate toxicity of 
the NMDA receptor (Koh, J-Y. Brain Res ., 533:315-320, 1990, Mattson, 
M.P., J. of Neurosci ^, 12:376-388, 1992), resulting in neuronal death 
in areas of the brain that have a high density of NMDA receptors such 
as the hippocampus and cerebral cortex (areas of maximal neuronal 
death in DAT) . The decrease in binding of NMDA receptors in DAT 
visual cortex correlated with increased numbers of neurofibrillary 
tangles. (Carlson, M.D., Neurobiol. Aging , 14(4): 343-352, 1993), 
Studies in animals have shown that glycine antagonist inq^rove 
learning and attenuate scopalamine memory deficits (Fishkin, R.J., 
Behav. Neurol. Biol. , 59(2) ;150-157, 1993, Finlcelstein, J.E., 
Pharmacol. Biochem. Behav. , 49 (3) : 707-710, 1994, Baxter, M.G., 
Neurobiol. Aging , 15(2) :207-213, 1994). 

A glycine site NMDA antagonist with cognitive enhancement and 
neuronal protection properties is a useful treatment for DAT. 

25 



WO 9' 



BNSOOCIO: <W0_9737662A1J_> 



W097^pp2 ^ PCT/US97/05860 

A glycine site NMDA antagonist with neuronal protection 
properties is a useful prophylactic treatment in all anesthetized 
patients. Felbamate can be administered most advantageously 
intravenously or orally within minutes to 24 hours of surgery and 
chronically in oral doses for six months or more. Felbamate, 
^ administered chronically . in oral doses ran^ng J rom 100-15,000 

mg/day, advantageously 1200*7200 mg/day (serum levels ranging from 25 
pg - 300 pg/ml), is efficacious in preventing neuronal damage during 
surgical anesthesia. 

Traumatic Head and SpinaX Cord Injtary 

In the rat SDH (acute subdural hematoma) model, both pre- and 
post treatment with a glycine site antagonist significantly reduced 
hemispheric ischemic damage (Tsuchida, E., J . Neurot rauma , 12 (3): 279* 
288, 1995). The role of NMDA receptors has been in^licated in the 
etiology of traumatic brain injury (Faden, A.I., Science, 244:798i- 
800, 1989) and contusive spinal cord injury (Wrathall, J.R., Brain 
Res., 586:140-143, 1992). Felbamate was shown to have a 
neuroprotective effect against CAl hippocampal neurons in an animal 
model of traumatic head injury (Wallis, R.A., Eur. J. Pharmacol., 
294:475-482, 1995).. Patients with head and spinal cord injury have 
been found to have elevated cerebrospinal fluid levels of quinolinic 
acid which implicates the NMDA receptor in the etiology of neuronal 
cell death. 

A glycine site NMDA antagonist with neuronal protection 
properties is a useful prophylactic treatment in all head and spinal 
cord injured patients by protecting against hypoxia and glutamate 
stimulation of the NMDA receptor. Felbamate can be administered most 
advantageously intravenously of orally within minutes of the 
diagnosis of traumatic brain or spinal cord injury and chronically in 
oral doses for six months or more. Felbamate, administered 
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mg/day, advantageously 1200-7200 mg/day (serum levels ranging from 25 
\iq - 300 pg/ml), is efficacious in preventing neuronal death in 
Tourette's Syndrome. 



Bepatie Encephalopathy 

Hepatic encephalopathy is characterized, l&y severe liver 
disease producing secondary neurological symptoms including seizures, 
cognitive dysfunction and extrapyramidal movements. NMDA receptors 
are involved in producing the latter three symptoms. 

A glycine site NMDA antagonist with neuronal protection 
properties is a useful prophylactic treatment in all hepatic failure 
patients. Felbamate, administered chronically in oral doses ranging 
from 100-15,000 mg/day, advantageously 1200-7200 mg/day (serum levels 
ranging from 25 |ig - 300 |ig/ml) , is efficacious in preventing 
neuronal death in treating seizures and neuronal degeneration in 
hepatic encephalopathy. 

Movement Disordiers 

NMDA receptors are located in the subcortical areas of the 
brain which are involved in motor control. In a mouse model of 
posthypoxic myoclonus (a condition of hyperexcitability of the 
central nervous system), felbamate was found to have antimyoclonic 
properties. Felbamate has shown efficacy in control of tremor 
(Edwards, K.R., Neurology , 45:1951, 1995) and hemifacial spasm 
(Mellick, G.A., J; Pain and Symptom Management , 10:392-395, 1995) in 
humans at doses between 1800-2800 mg/day. 

A glycine site antagonist is useful in the treatment of all 
movement disorders. Felbamate, administered chronically in oral 
doses ranging from 100-15,000 mg/day, advantageously 1200-7200 mg/day 
(serum levels ranging from 25 |ig - 300 pg/ml), is efficacious in 
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mq/day (serxun levels ranging from 25 pg - 300 pg/ml), is efficacious 
in preventing neuronal degeneration in Dovm's Syndrome. 



Eliftctroshock Therapy <SCT) 

Patients who undergo ECT may suffer cognitive complications 
including memory loss. Since ECT is an artificially induced seizure, 
neuronal damage is similar to that of chronic seizures. A mechanism 
of cognitive dysfunction is damage to the NMDA receptors of the 
hippocaii9>us and cerebral cortex. ECT has been shovm to increase the 
turnover of NMDA receptors in animals. 

A glycine antagonist such as felbamate prevents NMDA induced 
neuronal damage from ECT treatment. Felbamate is administered most 
advantageously intravenously or orally prior to the administration of 
ECT and chronically in oral doses for six months or more. Felbamatet 
administered chronically in oral doses ranging from 100*15,000 
mg/day, advantageously 1200*7200 mg/day (serum levels ranging from 25 
pg - 300 pg/ml), is efficacious in preventing neuronal damage and 
delayed cellular necrosis as a. consequence of ECT therapy. 

Brain Tumors 

Brain tumors produce elevated levels of quinolinic acid 
(Heyes, M., J. Neurol. Sci. , 133:112-118,1995) which produce 
seizures, neuronal degeneration and brain atrophy. 

A glycine site antagonist such as felbamate, administered 
chronically in oral doses of 100-15,000 mg/day, advantageously 1200- 
7200 mg/day (serum levels ranging from 25 pg - 300 ^g/ml), is 
efficacious in preventing seizures,, neuronal degeneration and brain 
atrophy from brain tumors. 

Cer«bell«r Degeneration 
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WHUT IS CIAIMED 18 ; 

1. A method of protecting neuronal cells in a mammal having 
an acute or chronic neurological condition comprising administering a 
neuronal cell protecting amount of an antagonist of the glycine site 
of the NMDA receptor complex, to said mammal. 
^-.r.-' 2. A method as in claim 1 wherein s^d chronic neurological 
condition is selected from the group consisting of: epilepsy, ADL, 
CNS vasculitis, impotence, schizophrenia, MS, fatigue, chronic lead 
poisoning, mitochondrial myopathies, HIV dementia, pain, depression, 
ALS, ADD, Parkinson's Disease, narcolepsy, Alzheimer's disease, drug 
addiction, Tourette's Syndrome, hepatic encephalopathy, movement 
disorders, Down's Syndrome, brain tumors and cerebellar degeneration. 

3. A method as in claim 1 wherein said acute neurological 
condition is selected from the group consisting of: sepsis, 
meningitis, acute lead poisoning, hypoglycemia, -childbirth, surgical 
anesthesia, and ECT- 

4. A method as in claim 1 wherein said antagonist is selected 
from the group consisting of felbamate, quinoxalinediones including 
ACEA compounds (1011, 1021, 1031, 1328), pyridazinoindole, ACPC (1- 
aminocyclopropane carboxylic acid), 1,4 dihydroquinoxaline-2, 3- 
diones, 4-hydroxy-2-quinalones, 4-amino-2-carboxytetrahydroquinolines 
and trans-4-hydroxypipecolic acid-4-sulfate. 

5. A method as in claim 1 wherein said antagonist is 
f elbeunate . 

6. A method as in claim 1 wherein said felbamate is 
administered intravenously. 

7. A method as in claim 1 wherein said felbamate is 
administered orally or rectally. 

8. A method for attenuation of cell death caused by excessive 
activation of the NMDA receptor by administering the drug 
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1. A method of treating sepsis and preventing 
neuronal degeneration and cell death in a human having 
- ^epsis, the method comprising the steps 

administering to the human having sepsis a 
neuronal cell protecting antagonist of the glycine site of 
the NMDA receptor con^lex, wherein said antagonist is 2- 
phenyl•l, 3-propandeiol dicarbamate at a serum level ranging 
from 25-300 ug/ml, in order Co significantly attenuate 
neurological morbidity by preventing excessive stimulation 
of the NDMA receptor. 

2. A method of treating HIV dementia and preventing 
neuronal degeneration comprising the steps of : 

administering to a human having HIV dementia a 
neuronal cell protecting antagonist of the glycine site of 
the NDMA receptor complex, said antagonist being 2 -phenyl- 
1,3-propoandeiol dicarbamate at a serum level ranging from 
25-300 ug/ml, in order to attenuate neurological morbidity 
by preventing excessive stimulation of the NMDA receptor in 
the human having HIV dementia. 

3. A method of treating meningitis comprising the 
steps of: 

chronically administering to a human having 
meningitis a neuronal cell antagonist of the glycine site of 
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STATEMENT UNDER ARTICLE 19 



Tbie Amendment is submitted in order to bring the claims in 
the international application into conformity with those that 
have been allowed in the corresponding United States application. 
New claims 1-4 replaces all claims previously submitted. 
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